Abstract Previously pulsed field gel electrophoresistyped Listeria monocytogenes isolates (N095) were tested by repetitive element sequence-based PCRs (repPRCs). A combined rep-PCR typing approach showed 95 % repeatability, 0.98 discriminatory power, 95.5 % sensitivity, 75 % specificity, 91.2 % predictive positive value, and 85.7 % predictive negative value. Hence, rep-PCR represents an efficient and rapid subtyping method for L. monocytogenes.
For the present study rep-PCRs were applied to a set of 95 L. monocytogenes previously subtyped (Lomonaco et al. 2009 ). These isolates were collected during a 4-year period from 22 gorgonzola-producing plants located in two adjacent Italian regions: Piedmont (N013) and Lombardy (N09) ( Table 1) . Each isolate was cultured in BHI (Oxoid, Milan, Italy) and 1.8 ml used for DNA extraction with Ultra Clean Microbial DNA Extraction kit (MO BIO Laboratories, Solana Beach, CA). PCRs were performed according to literature (Jersek et al. 1999 ) except for the use of 1 U of recombinant Taq (Invitrogen, Carlsbad, CA) . Isolates were typed with REP and ERIC primers (Versalovic et al. 1991) , Electronic supplementary material The online version of this article (doi:10.1007/s12161-012-9496-1) contains supplementary material, which is available to authorized users. using available protocols (Jersek et al. 1999) , except REP-PCR for which annealing was set at 45°C. Samples were electrophoresed on 3 % (w/v) agarose gel (Invitrogen, Carlsbad, CA) in freshly prepared 0.5× TBE. Band separation was carried out at 4°C applying a constant electric field of 4 V/cm. After staining, profiles were visualized using a GelDoc UV transilluminator (Biorad, Foster City, CA) to generate TIFF images (Supplemental Figure) . These were first checked by visual inspection, and then a software-assisted analysis was performed (Bionumerics 4.0, Applied Math, Kortrijk, Belgium). ERIC-and REP-PCRs were first analyzed separately and subsequently combined (rep-PCR).
Results and Discussion
All isolates were typeable, and fingerprint comparison was carried out using Dice coefficient and Unweighted Pair Group Method with Arithmetic Mean (UPGMA) algorithm with position tolerance and optimization values of 3.5 %. Few studies have described the parameters used for fingerprint comparison and the rationale behind their selection (Zunabovic et al. 2012; Jersek et al. 1999) , even though such parameters can significantly influence clustering. To set the threshold similarity level (S.L.) for indistinguishable patterns, a repeatability assay was performed by triplicate analyses (Corich et al. 2005 ) on five L. monocytogenes strains. The lowest S.L. (95 %) observed within each sample was used to define identical genotypes (Ravelo et al. 2003) . These parameters were accurately evaluated and set after performing repeatability assays for minimizing the intra-sample variation, i.e., faint bands, which may impair the epidemiologic interpretation of the results (Harvey 2004) . However, the selected 95 % S.L. may not allow the identification of isolates which may be slightly divergent (but showing a S.L. >95 %) as they would be considered identical by rep-PCR typing. When a finer discrimination of the strains is needed (i.e., for outbreak investigation), PFGE could be applied to further subtype sets of isolates already classified as identical by rep-PCR.
After analysis, fingerprints shared between multiple strains were defined as profiles (pE1-pE7 for ERIC-PCR, pR1-pR10 for REP-PCR, and P1-P6 for rep-PCR), whereas single isolate profiles were defined as unique (UP). The 95 isolates were previously divided by PFGE into 24 unique types and five profiles: A and B (two isolates each), C (45 isolates) and D (17 isolates) sharing a 97.3 % S.L., and E (five isolates) (Lomonaco et al. 2009 ). When these findings were compared with rep-PCRs, some clustering discrepancies were observed ( Fig. 1) , possibly due to the high values of optimization and position tolerance chosen. Notably, the overall clustering information provided by both PFGE and rep-PCR approximately agreed, as also previously observed (Zunabovic et al. 2012) . Some discrepancies were observed for rep-PCR profiles P2 (N02) and P4 (N03), sharing high S.L.s (88.3 % for P2 and 84.4 % for P4) but having been classified as UPs by PFGE (Lomonaco et al. 2009 ). Similarly, rep-PCR profile P1 grouped isolates typed as PFGE profile B and one PFGE unique profile that previously showed a 93.8 % S.L. with profile B (Lomonaco et al. 2009 ). Finally and not unexpectedly, a single rep-PCR profile (P6) grouped 100 and 82.4 % of isolates belonging to the highly similar (97.3 % S.L.) PFGE profiles C and D, respectively. For the calculation of the Simpson discriminatory index (S.I.) (Hunter and Gaston 1988) , a subset of 25 epidemiologically unrelated isolates (i.e., showing different PFGE profiles (Lomonaco et al. 2009 )) was chosen. The combined rep-PCRs showed the highest discriminatory power (S.I.00.98), followed by REP-PCR (S.I.00.96), and ERIC- Fig. 1 .
Conclusions
Overall, the application of an easy-to-use rep-PCR typing approach allowed to the grouping of the isolates congruent with what previously produced by PFGE (Lomonaco et al. 2009 ), therefore it also enabled to formulate hypotheses similar to what was suggested by PFGE, particularly regarding the presence of persistent strains, contaminating environmental niches on different years and in different producers. In light of the high congruence with the gold standard method and the results of the diagnostic performance herein presented, our findings highlight the potential of rep-PCR as a useful and rapid screening method to detect possible genetic relatedness among isolates. In addition, in respect to PFGE, results could be achievable in a more timely manner and with lower costs and required resources. This rep-PCR typing approach may therefore motivate food producers and private food laboratories to plan/perform subtyping analyses as part of their routines, thus gathering large databases useful in providing readily available data on L. monocytogenes subtypes.
